Monitoring of physiologic parameters in critically ill patients is associated with an enormous number of alarms, leading to reduced clinical value with high sensitivity but low specificity. To evaluate opinions of intensive care unit (ICU) staff on current monitoring we conducted a survey of German ICUs. Furthermore, the survey aimed to assess requirements and requests for future alarm systems.
Medical staff working in intensive care are persistently confronted with alarms from monitoring and life support equipment. On the one hand these alarms are crucial for safety in critically ill patients; on the other hand, noise peaks of alarms frequently exceed 80 dB 1 and are comparable to the noise levels next to busy streets. Moreover, there are multiple factors reducing the clinical value of the currently used alarm systems. In a well-appointed intensive care unit (ICU), more than 40 different audible alarms may occur 2 and only 50% of the critical alarms are correctly identified by staff members 3 . Several studies have showed that up to 90% of these alarms are without clinical relevance and are mainly due to artefacts [3] [4] [5] [6] [7] . The multitude of alarms may also result in desensitisation of ICU staff, thereby reducing the clinical sensitivity of these alarms at times with inappropriate silencing of alarms 8 . Strategies for lowering the number of ICU alarms without reducing the sensitivity of the alarm system include online signal extraction and application of statistical filters for the generation of more robust signals, adding new trend alarms to allow wider intervals for threshold alarms and the generation of complex alarms by combining single alarms 9 . The multitude of different acoustic signals may also be reduced by central processing of alarms from different sources.
However, monitoring of physiologic parameters in the ICU is critical and the acceptance of new techniques by the ICU staff depends on their perception of the alarms as well as their judgement about the clinical usefulness of the new applications. In addition, this judgement may be different depending on the size of the hospital, the sub-specialty of the ICU and the training level of physicians and nurses. We performed a representative survey in German ICUs to learn more about staff reception of monitoring alarms and their clinical judgement of techniques designed to reduce the number of alarms, in order to reduce acoustic stress and maintain patient safety.
METHODS

Selection of ICUs and data collection
Recruitment took place between May 2006 and June 2007. To select ICUs, we set up a representative stratified sampling scheme to account for possible differences depending on the type of hospital. Based on the official register published by the German Federal Statistical Office 10 of the year 2003, hospitals were randomly selected from the strata proportionally to the strata's sizes with respect to the number of ICUs in the strata. A total of 2152 hospitals were listed. Those hospitals were grouped into A) university hospitals (n=35), B) hospitals providing more than 600 beds (n=119) and C) hospitals having 300 to 600 beds (n=473) available. Smaller hospitals were excluded because most do not offer ICUs.
As the total number of ICUs in all hospitals and their proportions in the strata are unknown, a partial sample was drawn to make an estimation. In a first step, 22 hospitals were selected at random from Group B and were found to have 55 ICUs. In Group C, 57 randomly selected hospitals had 88 ICUs. According to the proportions in this partial sample it was enlarged by randomly contacting 46 more hospitals from Group C and 27 more hospitals from Group B. The additional hospitals had 72 ICUs in the medium size hospitals (C) and 85 ICUs in the large hospitals (B). Accordingly, the sample was finally enlarged with respect to the estimated proportions of 68% of all ICUs belonging to medium-sized hospitals and 32% belonging to large hospitals. All contacted ICUs were chosen according to the Kish-Selection-Grid which is a standard procedure in surveys originally proposed for selecting objectively one member from a household 11 .
In total, questionnaires were sent to 185 ICUs. The sample from the university hospitals (A) was stratified according to the type of ICU. Every university hospital was contacted by telephone to obtain a complete list of the hospital's ICUs. For these hospitals, ICUs were classified by the medical subspecialty in charge (i.e. internal medicine, surgery, anaesthesiology) and it was randomly chosen how many and which university hospitals were to be contacted with respect to the proportion of this type of ICU. At least two ICUs were to be contacted in every university hospital.
Questionnaires were sent to the medical directors of the selected ICUs. Each ICU medical director received five questionnaires together with five envelopes prepared for sending to the study office, requesting him/her to forward them to physicians and nurses working on his/her ICU.
Questionnaire development
The self-completion questionnaire contained 24 partly closed-ended partly open-ended questions related to three general topics: 1) personal information (e.g. age, gender) and details of the particular ICU, 2) facts and opinions on the current cardiovascular monitoring system and 3) expectations and demands on a future monitoring system. The survey was pretested and revised, based on comments from a group of experienced intensivists.
Data analysis
Summary data are presented as mean ± standard deviation (SD).
Statistical analysis used SPSS (Statistical Analysis Software Version 15, Chicago, Il, USA).
RESUlTS
In total, 274 of 915 questionnaires (Group A: 65 ICUs = 325 letters, Group B: 41 ICUs = 205 letters, Group C: 77 ICUs = 385 letters) (29.9%) were returned to the study office. Of those, 160 (58.4%) physicians (47 consultants, 36 residents, 62 senior physicians and 15 chief physicians) and 114 (41.6%) nurses (37.7% clinical nurse consultant) answered our questions. Fifty-two percent of all physicians worked for a department of anaesthesiology, 27.1% for an internal medicine department, 11.6% for a paediatric department, 4.5% for a surgery department and 5.2% in other departments. Characteristics of responders are shown in Table 1 .
ninety-three percent of the respondents used cardiovascular monitoring systems from three different manufacturers, but user satisfaction did not differ between the different monitoring models. ninety-four percent of responders acknowledged using central monitoring systems.
Our survey also addressed the question of which ICU team member usually modifies alarm limits. Interestingly, 52.2% of the nurses considered themselves as the only ICU staff members regularly controlling alarm limits (47.8% thought modifying alarm limits was also done by physicians). However, most of the physicians (90%) regarded nurses and physicians together controlling alarm limits.
We next asked which portion of the alarms result in clinical consequences. The vast majority (87%) of responders estimated that less than 50% of current alarms have a clinical consequence (physician 93.1%, nurses 78.4%) and 51.5% of them even estimated that less than 25% have a consequence (physician 59.1%, nurses 40.5%). The number of alarms was judged as too frequent in 75.8% and much too frequent in 12.8%. Only 8% declared that the number of alarms given by the cardiovascular monitoring system were just right (physician 5.6%, nurses 11.4%).
Our questionnaire contained four proposals for the possible improvement of monitoring systems. Fiftyfour percent of all respondents found the addition of trend alarms helpful, with significantly more physicians (64.4%) agreeing to the introduction of such alarms compared to 39.5% of the nurses. We next asked if smoothing of a signal to prevent alarming of artefacts would be desirable, and 75.2% agreed to that with no differences between physicians and nurses (73.8% vs. 77.2%). The generation of new alarms combining heart rate and blood pressure alarms was judged as helpful in 59.5% of the respondents, with much stronger agreement within physicians (70.6%) compared to nurses (43.9%). There was a majority of 65.3% finding central monitoring of different alarm systems very helpful or helpful (71.9% of the physicians vs. 56.1% of the nurses; Table 2 ).
Free-text commentaries concerning expectations and demands on future monitoring systems were included by 78 respondents; most dealt with future claims to monitoring user interface, especially the wish for a wireless system, but also the request for reducing alarm artefacts (Table 3) .
DISCUSSIOn
In our survey, intensive care physicians and nurses estimated that most alarms emanating from the current cardiovascular monitoring systems do not result in clinical consequences, thereby confirming data raised in single institutions. The acceptance for new alarm algorithms such as signal extraction or detection of trends as a basis for smart monitoring was high in the majority of respondents. The recent development of new technologies to optimise monitoring of ICU patients has increased the number 1, 3, 4, 6, 7 , and all of them found low specificity of the current alarm systems. In addition, a range of methods for the reduction of alarms have been published 12, 13 but none have yet been implemented into a commercially available monitoring system. As possible strategies for the reduction of alarms include altering of the original signal and the generation of new alarms, user acceptance of such changes is crucial.
Since knowledge about the opinions of ICU staff regarding the usefulness of alarms may help to determine current problems of the alarm systems, we conducted a survey on the efficiency of current ICU monitoring as well as on several proposals for future smart alarm systems.
Consistent with data from clinical studies, the majority of responders (87%) regarded more than 50% of current alarms as being without clinical consequence. This statement was independent of age, hospital size, type of monitoring system, professional category or job position of responders, with agreement amongst all categories of medical ICU staff.
All currently available monitoring systems use threshold alarming for most variables, but crucial clinical information about relevant changes in a patient's condition is often not reflected in this system. Possible improvements could be the combining of several alarms into a new one and the addition of trend alarms to allow narrower threshold alarm limits. Most of those surveyed regarded these techniques as an improvement on the currently used alarm systems.
Technically false alarms are caused by manipulation, either by staff or by the patient and less frequently by technical defects. Those alarms represent up to 75% 4 of alarms in an ICU and contribute to the low alarm specificity and displeasure of users. In our survey, this is reflected by the fact that only 8% of the ICU staff felt their workload lessened by current alarm systems. Moreover, responders added free-text commentaries including the explicit goal to reduce alarms based on artefacts. As a suggestion to reduce alarms triggered by artefacts, we asked ICU staff about acceptance of statistical methods such as signal extraction as a basis for new alarms. Seventyfive percent thought that this would be helpful or very helpful.
The return rate of nearly 30% of the posted letters is an acceptable result in a postal survey with representative character. Despite that, we acknowledge that a bias by returning questionnaires only by those who are not satisfied with the current monitoring system cannot be ruled out.
Very recently, a survey in the United States was published showing that ICU alarms occur too frequently, disrupt patient care and can reduce trust in alarms, which is in agreement with the data presented in our manuscript 11 .
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